Objective: Although under-reporting of dietary intake is more common in persons with a high body mass index (BMI), it is not well known whether or not misreporting is selective for different foods (and hence energy and nutrients), particularly in nonWestern populations. We examined misreporting of dietary intake against biomarkers and its relation with BMI in young Japanese women. Design: Cross-sectional study. Subjects: A total of 353 female Japanese dietetic students aged 18-22 years (mean BMI: 21.4 kg/m 2 , mean fat intake: 29.8% of energy). Methods: Misreporting of dietary energy, protein, potassium and sodium (assessed by a self-administered diet history questionnaire) was examined against respective biomarkers (estimated energy expenditure and 24-h urinary excretion). Reporting accuracy was calculated as the ratio of reported intake to that estimated from corresponding biomarkers (complete accuracy: 1.00). Results: Mean reporting accuracy of absolute intake (amount per day) varied considerably (0.86-1.14). Reporting accuracy of absolute intake decreased with increasing BMI (P for trend o0.001). However, no association was observed between reporting accuracy of energy-adjusted values and BMI (P for trend 40.15), indicating that BMI-dependent misreporting was canceled by energy adjustment. This was owing to positive correlation between the reporting accuracy of energy intake and that of absolute intake of the three nutrients (Pearson correlation coefficient: 0.49-0.67, Po0.0001). Conclusions: Although differential misreporting of absolute intake was associated with BMI, differential misreporting of energyadjusted value was not. These findings support the use of energy-adjusted values in the investigation of diet-disease relationships among lean populations with a low-fat intake.
Introduction
Although accurate assessment of habitual dietary intake is a prerequisite in studies of diet and health, the difficulty of obtaining dietary data that accurately represents what people usually eat is now generally recognized (Livingstone and Black, 2003) . In particular, obese people tend to underreport dietary intake to a greater extent than lean people (Livingstone and Black, 2003; Rosell et al., 2003; Subar et al., 2003; Tooze et al., 2004; Mattisson et al., 2005; Mahabir et al., 2006) . Whether this is a consequence of selective misreporting of certain foods, proportional misreporting of all foods, or both is not well established. This is an important issue: errors in dietary reporting do not necessarily invalidate dietary data if the misreporting is not selective, but may do so if the misreporting is selective.
Unfortunately, investigation of possible differential misreporting of dietary intake in free-living situations has been hampered, largely by a lack of suitable methods for quantifying absolute true intake for all dietary variables except energy (Black et al., 1996) , protein (Bingham and Cummings, 1985; Kipnis et al., 2001) , potassium (Holbrook et al., 1984; Tasevska et al., 2006) and sodium (Holbrook et al., 1984; Willett, 1998) . As a result, only a limited number of studies have examined this issue (Hulten et al., 1990; Bingham et al., 1995; Lissner, 1995, 2005; Black et al., 1997 Black et al., , 2000 Heerstrass et al., 1998; Heitmann et al., 2000; Larsson and Johansson, 2002; Rosell et al., 2003; Subar et al., 2003; Freedman et al., 2004) , none of which were conducted in Asian countries, including Japan. A characteristic of Japanese people is their relatively low BMI and relatively low-fat consumption (Ministry of Health, Labour and Welfare, 2006) , which differs somewhat from Western people. This difference hampers the extrapolation of findings in Western countries to Japanese.
Here, we examined misreporting of energy, protein, potassium and sodium intake assessed against estimated energy expenditure and 24-h urinary excretion of urea nitrogen, potassium and sodium, respectively, and its relation with BMI in a group of young Japanese women.
Methods

Subjects
The present study was based on a multi-centered nutritional survey conducted from February to March 2006 among female dietetic students from 10 institutions in Japan. All measurements at each institution were conducted according to the survey protocol. Staff at each institution briefly explained the survey to potential subjects. Subjects who responded positively were then provided detailed written and oral explanations of the general purpose and procedure of the survey. A total of 474 women took part in the survey. The protocol of the study was approved by the Ethics Committee of the National Institute of Health and Nutrition, and written informed consent was obtained from each subject, and also from a parent for subjects aged less than 20 years.
In total, 424 of 474 women undertook 24-h urine collection. For the present analysis, we selected 417 women aged 18-22 years without missing information on the variables used. We then excluded women whose 24-h urine collection was considered incomplete. Because the p-aminobenzoic acid (PABA) check method to verify the completeness of 24-h urine collection (Bingham and Cummings, 1983) was not available in the present study, we used the strict INTERMAP criteria for completeness of urine sampling (Stamler et al., 2003) (a collection time outside the 22-26-h range (n ¼ 10), subject response that collection was not complete (n ¼ 47) and total volume o250 ml (n ¼ 1)) as well as a widely used criteria determined by creatinine excretion in relation to body weight (creatinine (mg) divided by body weight (kg) of o10.8 or 425.2 (WHO Regional Office for Europe, 1984) , n ¼ 13). As some women were in more than one exclusion category, the final analysis sample comprised 353 women.
Diet history questionnaire
Dietary habits during the preceding month were assessed using a validated previously, self-administered diet history questionnaire (DHQ) (Sasaki et al., 1998a (Sasaki et al., , b 2000 . All answered DHQs, as well as a lifestyle questionnaire, were checked at least twice for completeness. When necessary, forms were reviewed with the subject to ensure the clarity of answers. The DHQ is a 16-page structured questionnaire that consists of the following seven sections: general dietary behavior; major cooking methods; consumption frequency and amount of six alcoholic beverages; consumption frequency and semi-quantitative portion size of 122 selected food and nonalcoholic beverage items; dietary supplements; consumption frequency and semi-quantitative portion size of 19 cereals usually consumed as staple foods (rice, bread and noodles) and miso (fermented soybean paste) soup; and open-ended items for foods consumed regularly (Xonce/ week) but not appearing in the DHQ. Items and portion sizes were derived primarily from data in the National Nutrition Survey of Japan and several recipe books for Japanese dishes (Sasaki et al., 1998a) .
Estimates of dietary intake for 148 food and beverage items, energy and nutrients were calculated using an ad hoc computer algorithm for the DHQ based on the standard tables of food composition in Japan (Science and Technology Agency, 2000) . Discretionary salt (table salt and other seasonings with salty flavor) and seasonings used during cooking were taken into consideration for estimating sodium intake. Information on dietary supplements and data from the open-ended questionnaire items were not used in the calculation. Detailed descriptions of the methods used to calculate dietary intake and the validity of the DHQ have been published elsewhere (Sasaki et al., 1998a (Sasaki et al., , b 2000 .
Pearson correlation coefficients between the DHQ and 3-day estimated dietary records were 0.48 for energy, 0.48 for protein, 0.68 for potassium and 0.32 for sodium among 47 women (Sasaki et al., 1998a) . In addition, Pearson correlation coefficients between the DHQ and 24-h urinary excretion were 0.40 for potassium and 0.23 for sodium among 69 women (Sasaki et al., 1998b (Yamamura and Kashiwazaki, 2002) . Energy expenditure can be estimated as BMR multiplied by an appropriate physical activity level value (Black et al., 1996) . In the present study, subjects self-reported in a lifestyle questionnaire the frequency and duration of high-intensity activities (e.g., carrying heavy loads; bicycling, moderate effort; jogging; singles tennis), moderate-intensity activities (e.g., carrying light loads; bicycling, light effort; doubles tennis) and walking during the preceding month. On average, less than half an hour per day was spent on these activities (arithmetic mean ¼ 0.07, 0.30, and 0.50 h/day, respectively), indicating a predominantly sedentary lifestyle in our sample. We therefore estimated energy expenditure as BMR multiplied by physical activity level value for light activity (1.56) (FAO/WHO/UNU, 1985) , and used this value as a biological marker for energy intake.
24-h urine
A single 24-h urine sample was collected for biological markers of intake of protein, potassium and sodium. Subjects were instructed both in writing and orally on the method of urine collection and the necessity of obtaining a complete 24-h urine collection. We requested the subjects to eat and drink normally during the collection and to follow their usual pattern of activity. Subjects were then provided with a bag, three or four 1-l plastic bottles (containing no additives) and 10 400-ml cups. A recording sheet was also provided. In the morning, subjects were asked to discard the first specimen and to record the time (usually 0600-0900 h) on the sheet (the start of the collection period). Subjects were asked to collect all specimens by the time of the start of the collection period in the next morning. When some specimens were missed, subjects were asked to record the estimated volume of missing urine and the time. In the next morning, subjects were asked to collect the last specimen at the time when the specimen was discarded last morning and to record the time on the sheet (the end of the collection period). The sheet was reviewed by staff when the collection bottles were handed in, and any missing information was obtained from subjects. The height of urine in each bottle was measured and later converted into volume with an empiric formula based on repeated measurements of volume in identical bottles (Stamler et al., 2003) . All urine from the 24-h collection period was then combined and mixed thoroughly by vigorous stirring, and several urinary aliquots were taken and sent by car or airplane to a laboratory in Tokyo. Urea nitrogen concentration was measured by urease ultraviolet spectorophotometry, potassium and sodium by electrode method and creatinine (for the assessment for completeness of urine collection) by enzymatic assay method. Total 24-h excretion was calculated by multiplying the measured concentration with the total volume of urine collected.
The urea nitrogen content in 24-h urine was multiplied by 9.08, assuming that urea nitrogen is in constant proportion (85%) to total urinary nitrogen (Bingham and Cummings, 1985) , 81% of ingested nitrogen is excreted through the urine (Bingham and Cummings, 1985; Kipnis et al., 2001) and nitrogen constitutes 16% of protein. The value obtained was used as a biological marker for protein intake. Potassium content in 24-h urine was divided by 0.77, assuming that 77% of ingested potassium is excreted through the urine (Holbrook et al., 1984; Tasevska et al., 2006) , and used as a biological marker for potassium intake. Sodium content in 24-h urine was divided by 0.86, assuming that 86% of ingested sodium is excreted through the urine (Holbrook et al., 1984; Willett, 1998) , and used as a biological marker for sodium intake.
Reporting accuracy
Reporting accuracy was calculated as the ratio of reported dietary intake (energy, protein, potassium and sodium) obtained from DHQ to estimated dietary intake obtained from respective biological markers (estimated energy expenditure and 24-h urinary excretion) (Zhang et al., 2000) , in terms of both absolute (amount/day) and energy-adjusted (% energy for protein and mg/1000 kcal for potassium and sodium) values. At the group level, reporting accuracy of o1 was considered underestimation, 41 overestimation and 1 accurate estimation (Zhang et al., 2000) .
Other variables BMI was calculated as body weight (kg) divided by the square of body height (m). Current smoking status was self-reported in the lifestyle questionnaire, whereas current dietary supplement use was assessed in the DHQ.
Statistical analysis
All statistical analyses were performed using SAS statistical software, version 8.2 (SAS Institute Inc., Cary, NC, USA).
Dietary intake (derived from both DHQ and biological markers) and reporting accuracy of energy, protein, potassium and sodium were natural-log transformed to meet the assumption of normal distribution. The formula log(X þ 1) was used for reporting accuracy. Geometric mean and 95% confidence intervals of these variables were calculated using back transformation. Differences between self-reported values and biological marker-based values were evaluated using the paired t-test. Reporting accuracy was compared with a value of 1 using the one-sample t-test. Mean values of dietary intake (derived from both DHQ and biological markers) and reporting accuracy were calculated by quintile categories of BMI. Linear trends with increasing levels of BMI were tested by assigning to each participant the median value for the category and modeling this value as a continuous variable. All reported P-values are two-tailed and were considered statistically significant at the o0.05 level.
Results
Subject backgrounds are shown in Table 1 . Subjects were characterized by a relatively low BMI (arithmetic mean ¼ 21.4 kg/m 2 ), relatively low-fat intake (arithmetic mean ¼ 29.8% of energy) and low smoking rate (3%). Although 39% of subjects consumed alcoholic beverages, their contribution to dietary intake was negligible (arithmetic mean ¼ 0.4% of energy). Dietary supplements were used by 20% of subjects, but none consumed dietary supplements predominantly containing protein, potassium, or sodium. Table 2 shows the contribution of each food group to energy, protein, potassium and sodium intake, based on DHQ. Most food groups were important sources of at least one of them.
Dietary intake (estimated by DHQ and biological markers) and reporting accuracy for energy, protein, potassium and sodium are shown in Table 3 . Misreporting of dietary intake was differential rather than proportional. In terms of absolute values, energy was significantly (Po0.0001) underestimated (geometric mean reporting accuracy ¼ 0.86) and sodium overestimated (geometric mean reporting accuracy ¼ 1.14), whereas estimation of protein and potassium was relatively accurate (geometric mean reporting accuracy is equal to 0.97 and 1.03, respectively). Mainly owing to underestimation of energy, energy-adjusted values of all three nutrients were significantly (Po0.0001) overestimated (geometric mean reporting accuracy is equal to 1.14 for protein, 1.20 for potassium and 1.32 for sodium).
The association of dietary intake (estimated by DHQ and biological markers) and reporting accuracy with BMI is also shown in Table 3 . Reporting accuracy of absolute intake of energy and the three nutrients significantly decreased with increasing BMI (P for trend o0.001), as result of increasing intake derived from biological markers but no increase in dietary intake derived from DHQ with increasing BMI. However, no association between reporting accuracy and BMI was observed when energy-adjusted values were used, indicating that the BMI-dependent misreporting of dietary intake was canceled by energy adjustment. This was owing to a significant correlation between the reporting accuracy of energy and that of the absolute value of the three nutrients (Pearson correlation coefficient is equal to 0.67 for protein, 0.56 for potassium and 0.49 for sodium, Po0.0001). Dietary misreporting assessed using biomarkers K Murakami et al
Discussion
To date, no information has appeared on possible differential misreporting of dietary intake and its relation with BMI in Japanese populations, who are relatively lean and whose proportion of energy intake derived from fat is relatively low. In this study of young Japanese women, misreporting of dietary intake of energy, protein, potassium and sodium was differential rather than proportional. Additionally, differential misreporting of absolute intake of energy, protein, , 1985) assuming that lifestyle of the subjects was predominantly sedentary. f Calculated as the ratio of value derived from DHQ to that derived from biological marker. g Calculated as 24-h urinary urea nitrogen multiplied by 9.08 assuming that urea nitrogen is a constant proportion (85%) of total urinary nitrogen (Bingham and Cummings, 1985) , that 81% of the ingested nitrogen is excreted through the urine (Bingham and Cummings, 1985; Kipnis et al., 2001) , and that nitrogen constitutes 16% of protein.
h Calculated as 24-h urinary potassium divided by 0.77 assuming that 77% of the ingested potassium is excreted through the urine (Holbrook et al., 1984; Tasevska et al., 2006) .
i Calculated as 24-h urinary sodium divided by 0.86 assuming that 86% of the ingested sodium is excreted through the urine (Holbrook et al., 1984; Willett, 1998 Dietary misreporting assessed using biomarkers K Murakami et al potassium and sodium was associated with BMI. Conversely, differential misreporting of energy-adjusted values for protein, potassium and sodium was not associated with BMI owing to a positive correlation between reporting accuracy of energy and that of the absolute values of the three nutrients. This finding supports the use of energy-adjusted values in the investigation of diet-disease relationships. Mean values for the reporting accuracy of absolute intake of energy and three nutrients ranged from 0.86 to 1.14, indicating the differential misreporting of dietary intake. This is generally consistent with a limited number of previous Western studies, in which at least two kinds of quantitative biological markers were used. Although several UK studies showed a similar degree of under-reporting of energy and protein (potassium and sodium were not examined) (Black et al., 1997 (Black et al., , 2000 , a study in US adults found that energy and protein were underestimated whereas potassium was estimated reasonably well (Freedman et al., 2004) . In contrast, a study of elderly Swedish men showed that underestimation of energy was greater than that of protein, potassium and sodium (Rosell et al., 2003) . Among Swedish adolescents, energy and potassium were underestimated but protein and sodium intakes agreed with the respective biological markers (Larsson and Johansson, 2002) , whereas Danish adults underestimated energy to a greater extent than protein Lissner, 1995, 2005; Heitmann et al., 2000) . Thus, although the degree and direction of misreporting seemed to be unpredictable, and several (Conway et al., 2003 (Conway et al., , 2004 Ard et al., 2006) but not all (Poppitt et al., 1998; Paul et al., 2005) observational validation studies of ad libitum intake under controlled conditions have shown proportional rather than differential reporting of dietary intake, accumulating evidence indicates that misreporting of dietary intake is differential rather than proportional in many free-living situations. Differential misreporting is a challenging issue that should be addressed in future studies, because the biases from this type of error cannot be eliminated by correction for energy intake (Lissner, 2002) , as was shown in the present as well as several previous studies (Freedman et al., 2004; Heitmann and Lissner, 2005) .
A few Western studies have examined misreporting of absolute dietary intake against biological markers in relation to the degree of obesity. Under-reporting of energy intake generally increased with increasing BMI (Livingstone and Black, 2003; Tooze et al., 2004) . Protein under-reporting was positively associated with BMI in a Swedish study (Hulten et al., 1990) . Under-reporting of both energy and protein increased with increasing percentage of body fat in Danish adults Lissner, 1995, 2005; Heitmann et al., 2000) . In a UK study, there was a positive relation of underreporting of protein and potassium with BMI (Bingham et al., 1995) . Over-reporting of protein decreased and underreporting of potassium increased with increasing BMI in Dutch adults (Heerstrass et al., 1998) . In the present Japanese study, under-reporting of energy, protein and potassium increased and over-reporting of sodium decreased with increasing BMI. Thus, in many free-living situations, the magnitude of misreporting of dietary intake generally appears to be associated with the degree of obesity, which is a major determinant of dietary misreporting (Livingstone and Black, 2003; Rosell et al., 2003; Tooze et al., 2004; Mattisson et al., 2005; Mahabir et al., 2006) .
To our knowledge, only one group has investigated misreporting of energy-adjusted (rather than absolute) intake in relation to the degree of obesity. In a Danish study, with increasing degree of obesity measured as percentage body fat, the magnitude of energy under-reporting increased to a greater extent than that of protein under-reporting, and as a result, over-reporting of energy-adjusted protein intake increased with the increase in percentage body fat Lissner, 1995, 2005; Heitmann et al., 2000) . Conversely, in the present study, the degree of over-reporting of energy-adjusted intake of protein, potassium and sodium, mainly as a result of energy under-reporting, was not associated with BMI. This was owing to a positive association between the reporting accuracy of energy and that of protein, potassium and sodium, which is consistent with the positive association between reporting accuracy of energy and protein observed in several previous studies (Black et al., 1997 (Black et al., , 2000 Subar et al., 2003) . The present finding suggests that energy-adjusted values of protein, potassium and sodium can be used when investigating relationships between diet and health outcome, although energy-adjusted values per se may be unreliable estimates of true dietary intake. Moreover, given the low overlap in the food sources of these nutrients (as shown in Table 2 ), our results based on protein, potassium and sodium might likely extend to other nutrients.
In the present study, reported dietary intake was obtained from a self-administered dietary assessment questionnaire (Sasaki et al., 1998a (Sasaki et al., , b, 2000 . Mean values of reported energy and fat intake (1723 kcal/day and 29.8% of energy, respectively) were relatively comparable with those in a representative sample of Japanese women aged 18-29 years (1692 kcal/day and 29.0% of energy, respectively; not available for protein, carbohydrate and alcohol) (Ministry of Health, Labour and Welfare, 2006) . This might give some indication of the validity of the questionnaire.
A number of methodological limitations of this study should be mentioned. First, given that we estimated energy expenditure as BMR multiplied by physical activity level value for light activity (1.56) (FAO/WHO/UNU, 1985), assuming a predominantly sedentary lifestyle of our subjects based on self-reported physical activity, energy expenditure of some subjects may have been underestimated. However, time spent on high-and moderate-intensity activities and walking was quite short, as indicated above. Additionally, there was no significant difference in time spent on each activity among quintile category of BMI (data not shown). Furthermore, a repeated analysis of 294 women after excluding subjects whose lifestyle were considered relatively Dietary misreporting assessed using biomarkers K Murakami et al active (those spending 430 min/day on high-intensity activities, 460 min/day on moderate-intensity activities, or 4120 min/day on walking) provided similar results (data not shown). Thus, it is unlikely that the use of a physical activity level of 1.56 for all subjects had any major impact on the present findings, although the magnitude of under-reporting of energy intake might be underestimated. When a physical activity level value for moderate activity (1.64) (FAO/WHO/ UNU, 1985) was used, the magnitude of under-reporting of energy intake increased (mean reporting accuracy: 0.81) while the magnitude of over-reporting of energy-adjusted value of three nutrients increased (mean reporting accuracy: 1.20 for protein, 1.26 for potassium and 1.39 for sodium), compared with reporting accuracy observed when a physical activity level of 1.56 was used. However, future research using more accurate assessment of energy expenditure is needed to confirm the present findings. Second, obtaining a valid dietary intake derived from urine excretion requires that 24-h urine collection be complete. Although the use of PABA is undoubtedly a most appropriate strategy to verify the completeness (Bingham and Cummings, 1983 ), we did not use this method to maximize the response rate (to our knowledge, no previous studies conducted among Japanese people have used the PABA method). Instead, the present analysis was limited in only women who met the strict INTERMAP criteria (Stamler et al., 2003) and a widely used criteria determined by creatinine (WHO Regional Office for Europe, 1984) for the assessment of completeness of urine sampling. We consider this strategy the best method available in the absence of the PABA method. However, as the reliability of present findings is largely dependent on the completeness of urine collection, our findings should be confirmed in future studies using the PABA method.
A second problem with regard to urine collection was that only a single 24-h urine sample was used, which is not optimal for characterizing individual habitual dietary intake and introduces random errors (Bingham, 2003) . However, this kind of error would tend to result in bias toward attenuating rather than enhancing the relation, and multiple 24-h urine collections would have only provided more precise results.
Additionally, there have been concerns regarding the precision of the correction factors used for estimating dietary intake from 24-h urine. Many factors may influence the percentage of dietary protein (nitrogen), potassium and sodium excreted in the urine, for instance, the absolute level of dietary intake, the seasons during which balance studies are conducted, race and cooking methods (Zhang et al., 2000) . We used the factors observed in previous carefully designed balance studies (Holbrook et al., 1984; Bingham and Cummings, 1985; Willett, 1998; Kipnis et al., 2001; Tasevska et al., 2006) . However, use of other correction factors should have little influence on the association between misreporting and BMI observed in the present study, although the magnitude of misreporting should be interpreted with caution, which largely depends on the correction factor used.
We could not include nutrient intake from dietary supplements in the analysis because of the lack of a reliable composition table of dietary supplements in Japan. However, the one-fifth of subjects who consumed any dietary supplements during the preceding month equally distributed among quintile category of BMI (data not shown), and none consumed dietary supplements predominantly containing protein, potassium, or sodium. Additionally, a repeated analysis of 284 women after excluding dietary supplement users provided similar results (data not shown). Thus, it is unlikely that dietary supplement use had a major impact on the present findings. Finally, because our subjects were selected female dietetic students who may have been highly health conscious, our results may not be extrapolatable to the general Japanese population.
In summary, misreporting of dietary intake of energy, protein, potassium and sodium was not proportional but differential among a group of lean young Japanese women with a low-fat intake. Differential misreporting of absolute intake of energy, protein, potassium and sodium was associated with BMI. Nevertheless, differential misreporting of energy-adjusted values of protein, potassium and sodium was not associated with BMI because of a positive correlation between the reporting accuracy of energy and that of the absolute values of the three nutrients. These findings support the use of energy-adjusted values in the investigation of dietdisease relationships among lean populations with a low-fat intake. The results of the present study should be confirmed using a more accurate and precise evaluation of true dietary intake in a more representative sample of the Japanese population.
